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=) Brake actuating device.

<

Q@ A brake device for producing a braking forces by
pressing a friction member (2) against a member (1)
to be braked in respect to a deformation produced

I'nby applying a DC voltage to a piezoelectric element
array including a stack of piezoelectric elements,
characterized in that a plurality of piezoeiectric ele-
ment arrays (61,62) are coupled by a displacement

Q. fransmission mechanism (12) such that deformations

u-lproduced by the piezoelectric element arrays are
added together.
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BRAKE DEVICE

The present invention relates to a brake device
for pressing a friction member against a member to
be braked to produce a braking force in which a
deformation of a piezoelectric element is utilized to
produce the braking force.

Heretofore, a brake device of the above type
has been propaosed which includes a single piezo-
electric element array of stacked piezoelectric ele-
ments, each including a piezoelectric material such
as piezoelectric ceramic sandwiched between elec-
irode plates, so arranged that when a DC voltage is
applied across each of the piezoelectric elements
they produce deformations or strains which are
added in the direction of the piezoelectric element
array to provide a total amount of deformation that
is utilized to press a friction member against a
member to be braked, thereby generating a brak-
ing force (see Japanese Laid-Open Patent Publica-
tion No. 60-81527).

In the brake device of this type, the deforma-
tion produced by each piezoeleciric element is
quite small and, consequently, a lot of piezoselectric
elements must be stacked in order to obtain a
sufficient braking force, with the result that the
piezoelectric array is so long that its space factor is
poor.

In order to effectively utilize the deformations
of a relatively small number of stacked piezoelec-
tric elements, another brake device has been de-
veloped (see Japanese Laid-Open Patent Publica-
tion No. 60-139563). In this brake device, until a
friction member abuts against a member to be
braked, the friction member is caused fo slide by a
motor-drive actuator in a main braking mode. After
the friction member has engaged the member to
be braked, an auxiliry braking mode employing the
piezoelectric element array is carried out to press
the friction member against the member to be
braked according to the deformation of the piezo-
electric element array for generating desired brak-
ing forces.

In the abagve brake device, however, the brake
structure includes two different systems for the
main and auxiliary braking modes, respectively,
and a control system is required to effect switching
from the main braking mode to the auxiliary brak-
ing mode. As a consequence, the overall arrange-
ment is complex.

Furthermore, in the case where it is desired to
use such a brake device to produce anti-lock brak-
ing function whereby a pumping brake action is
produced to prevent an automobile from skidding
due to locked wheels at the time of abruptly brak-
ing the automobile, it is required to provide a
controller to effect on-off control of a voltage ap-

10

20

25

30

35

40

45

50

plied to one piezoelectric element array, but in
such case the braking force varies for a wide range
from zero to a mormal level, so that the pumping
action of the braking force is rough and it is impos-
sible to produce delicate and highly responsive
pumping action with reduced width of variation of
the braking force.

It might be possible o effect pumping action,
with reduced range of variation of the braking force,
by varying the level of the applied voltage in a
pulse fashion between a lower votage value and a
normal votage value, rather then by effecting on-off
control of the voltage applied across the piezoelec-
tric array as described above. In such case, how-
ever, the voltage applied to the piezoeleciric ele-
ment array should be variable, and confrol means
for variable voltage control would be more com-
plicated than the simple on-off control means.

in view of the aforesaid drawbacks, one aspect
of the present invention seeks to provide a brake
device including piezoelectric element arrays incor-
porated therein with a good space factor so that
sufficient braking forces can be applied solely by
the piezoelectric element arrays.

A second aspect of the present invention seeks
to provide a brake device which utilizes the de-
formation of piezoelectric elements for pressing a
friction member against a member to be braked to
produce a braking force, the brake device having
an antilock brake capability and being capable of
effecting highly responsive pumping action with a
simple control means. :

According to the present invention there is
provided a brake device including a piezoelectric
element array having a stack of a plurality of piezo-
electric elements which act to press a friction
member against a member to be braked, under the
action of a deformation of said piezoelectric ele-
ment array caused by applying DC voltage thereto,
thereby producing a braking force,

characterised in that:
said brake device comprises a plurality of
piezoelectric element arrays which are connected
together by a displacement transmitting mecha-
nism so that the deformations of the respective
piezoelectric element arrays are added together to
produce the braking force. added together.

In order to attain the object, the present inven-
tion further provides a brake device of the above
kind in which means is provided for independently
controlling voltages applied to the piezoelectric ele-
ment arrays, and the voltage applied to one or
some of the piezoeleciric element arrays is sub-
jected to on-off control to effect pumping control of
the braking force.
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For a betier understanding of the present in-
vention reference will now be made to the accom-
panying drawings in which, by way of exampie:-

FIG. 1 is a cross-sectional view of a brake
device according to an embodiment of the present
invention;

FIG. 2 is an enlarged fragmentary view of a
piezoelectric element array in the brake devics;

FIG. 3 is a cross-sectional view of another
displacement transmission mechanism;

FIG. 4 is a cross-sectional view of a brake
device according to another embediment of the
present invention;

FIG. 5 is a cross-sectional view of a brake
device according to a further embodiment of the
present invention; and

FIG. 6 is a timing chart of signals produced
during operation of the brake device.

Embodiments of the present invention will
hereinafter be described in detail with reference to
the accompanying drawings.

FIG. 1 shows an embodiment of the present
invention which is applied to a disc-type brake
device, which includes a brake pad 2 arranged at
one side of a disc rotor 1 of an automobile wheel
and a brake pad 3 mounted on a caliper 4, so that
the disc rotor 1 is sandwiched between the brake
pads 2 and 3 and the brake pad 2 is pressed
against one side of the disc rotor to produce brak-
ing action.

Two piezoelectric element arrays 61, 62 are
disposed in position parallel to each other and
supported on the caliper 4 through a member 4
formed integrally on the caliper. One of the piezo-
electric element arrays 61 is fixed at its one end on
said member 4' through a holding member 8, while
the other piezoelectric element array 62 is at-
tached, at its end corresponding o the above-
mentioned end of the piezoelectric element array
61, with the brake pad 2 through a holding member
9.

The other ends of the piezoelectric arrays 61,
62 are held by respective holding members 10, 11
which are interconnected by a link 12.

As shown in FIG. 2, each of the piezoelectric
element arrays 61, 62 has a stack of piezoelectric
elements each comprising a piezoelectric material
14 such as piezoelectric ceramic sandwiched be-
tween positive and negative electrode plates 131,
132, with insulating plates 15 being interposed
therebetween.

The holding member 10 on the other end of
the piezoelectric element array 61 is free with
respect to the member 4’ on the side of the caliper
4. In response to displacement of the piezoelectric
element array 61 due to strain in the direction of
the stack thereof, the holding member 10 is caused
to slide in the direction indicated by the arrow A,
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while being guided by the member 4.

The holding members 9, 11 on the opposite
ends of the piezoelectric element array 62 are also
free with respect to the member 4’ on the caliper 4.
The holding members 9, 11 and the piezoelectric
element array 62 are slidable in the directions of
the arrows B,C while being guided by the caliper 4
and the mumber 4’

The link 12 is substantially in the shape of a V
and inserted between a support member 5 and the
piezoelectric element arrays 61, 62 so that it can
be angularly moved like a seesaw about a pivot a
at the bent end thereof. When the piezoelectric
element array 61 is deformed to move the holding
member 10 in the direction of the arrow A, one end
of the link 12 is pushed to turn the link 12 which
enables the other end thereof to push the holder 11
on the piezoelectric element array 62 in the direc-
tion of the arrow C.

A controller 16 reads a signal from a poten-
tiometer 18 which is indicative of the amount of
depression of a brake pedal 17. The controller 16
then applies DC voltages, determined under control
to produce braking forces dependent on the
amount of depression of the brake pedal 17, re-
spectively to the piezoelectric element arrays 61,
62. Denoted at 19 is a power supply.

In operation, when the brake pedal 17 is de-
pressed, the controller 16 applies DC voltages de-
pendent on the amount of depression of the brake
pedal 17 to the piezoelectric element arrays 61, 62,
respectively. The produced deformations of the pi-
ezoelectric element arrays 61, 62 are applied in
series to the brake pad 2 through the link 12 to
push the brake pad 2 in the direction of the arrow
C. The brake pads 2, 3 now impose given braking
forces on the disc rotor 1.

According to the present invention, as de-
scribed above, the piezoelectric element array in-
cluding a stack of a plurality of piezoelectric ele-
ments to obtain a required braking force is divided
info at least two piezoelectric element arrays 61
and 62, which are disposed in parallel relationship
with each other, and these arrays are so arranged
that the braking forces produced due to the de-
formation of the piezoeiectric element arrays 61, 62
are applied in series to the brake pad 2 through the
link 12. Thus the piezoelectric element arrays 61,
62 for producing braking forces are accommodated
in the brake device with a good space factor.

Where the arms of the substantiaily V-shaped
link 12 are of equal lengths, the deformation of the
piezoelectric element array 61 is simply transmit-
ted to the piezoelectric element array 62. However,
the arm of the link 12 which is coupled to the
piezoelectric element array 62 may be longer than
the other arm for amplifying the deformation of the
piezoelectric element array 61 and transmitting the
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amplified deformation to the piezosleciric element
array 62.

If the deformation of the piezoelectric element
array 61 is to be simply transmitied to the piezo-
electric element array 62, then a ball-type transmis-
sion mechanism 12 as shown in FIG. 3 or other
hydraulic transmission mechanisms may be em-
ployed as a displacement transmission mechanism
instead of the link 12.

FIG. 4 shows another embodiment of the
present invention, in which a link 12 has a pivot a
which is attached ito the distal end of an
extensible/contractable output shaft 21 of actuator
20 by a ball joint 22 so that the link 12 is angularly
movable like a seesaw. According to this construc-
fion, when clearances which normally exist be-
fween the brake pads 2 and 3 and the disc rotor 1
at the time of no-braking are increased owing to
wearing of said brake pads and/or disc rotor, the
actuator 20 is operated to exiend the output shaft
21 to vary relative positions of the parailel piezo-
electric element arrays 61, 62 to adjust the clear-
ances to predetermined values. When the output
shaft 21 of the actuator 20 is extended, only the
piezoelectric element array 62 is pushed through
the link 12 in the direction of the array C to move
the brake pad 2 toward the disc rotor 1. When the
actuator 20 is not operated, the output shaft 21 is
held in a previously operated position.

The actuator 20 may be operated as follows:
The actual clamping force between the brake pad 2
and the disc rotor 1 in braking operation is de-
tected by a sensor 23. The brake pad 2 is retracted
by the actuator 20 by a predetermined interval
from the position in which a predetermined clamp-
ing force is obtained, thereby holding a desired
clearance. Aliernatively, the actuator 20 may be
operated manually by visuaily checking the actual
clearance.

The clearances between the brake pads 2, 3
and the disc rotor 1, even if they are worn, can be
kept at an optimum level at all times by such a
clearance adjusting means. Thus, predetermined
braking forces dependent on the amount of depres-
sion of the brake pedal 17 can be maintained.

FIG. 5 shows a further embodiment of the
present invention, which includes a rotation sensor
S1 for detecting speed of rotation of a disc rotor 1
and a speed sensor 2 for detecting speed of the
automobile. A controller 18" reads ouiput signals
V1, V2 of the sensors S1, S2, respectively, and
determines. a slip rate from a predetermined for-
mula (V2 - V1)V2. If the determined slip rate is
higher than a preset threshold, then the controller
16 determines that the automobile is skidding.

The controller 16" serves to input a signal of a
potentiometer 18 which detecis the depth to which
a brake pedal 17 is depressed, and said controller
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appliess DC voltages, determined under pro-
grammed control to produce braking forces depen-
dent on the amount of depression of the brake
pedal 17, independently to the piezoelectric ele-
ment arrays 61, 62. The controller 16 also effects
pumping brake control to turn on and off only the
piezoelectric element array 62.

When a skidding condition of the automobile is
detected by the controller 16, based on the output
signals from the rotation sensor S1 and the speed
sensor S2, such as upon abrupt braking, the con-
troller 16’ keeps on applying the voltage to the
piezoelectric element array 61 and repeatedly
quickly turns on and off the voltage applied fo the
other piezaelectric element array 62 for pumping
brake action until the braking operation caused by
depressing the brake pedal 17 is cut off. )

FIG. 6 shows a timing chart of signals pro-
duced during operation of the brake device. In FIG.
6, t1 indicates the time when the braking operation
is started, 12 the time when a skidding condition is
detected, and t3 the time when the braking opera-
tion is terminated.

By thus controlling the voltages applied to the
peizoelectric element arrays 61, 62 while the skid-
ding condition is being detected, precise, highly
responsive pumping action with less variable brak-
ing forces is achieved. Such pumping control is
simple since only the voltage applied to the piezo-
electric element array 62 is required to be turned
on and off.

In the case where the numbers of stacked
piezoelectric elements of the piezoelectric element
arrays 61 and 62 are the same and voltages of the
same magnitude are applied io the piezoelectric
element arrays 61, 62 during braking operation, the
braking forces will vary between a normal leve!l and
a level which is 1/2 of the normal level during
pumping brake action. In case the numbers of
stacked piezoelectric elements of the piezoelectric
element arrays 61, 62 are different, the magnitudes
of voltages applied to the piezoelectric element
arrays 61, 62 are appropriately selected, and the
voltage applied to the piezoelectric element array
61 is turned on and off, then more precise pumping
control may be accomplished.. 7

The brake device of the present invention is
not limited to the illustrated embodiment in which
two piezoelectric element arrays are disposed par-
allel to each other. Three piezoelectric element
arrays, for example, may be disposed parallel to
each other, and may be coupled by displacement
transmission mechanisms such as fwo links so that
the deformations of the piezoelectric element ar-
rays will be applied in series. Thus, two or more
piezoelectric element arrays may be disposed par-
allel to each other, and the voltage or voitages
applied to one or some of the piezoelectric element

uy
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arrays may independently be turned on and off.
Moreover, rather than a plurality of parallel piezo-
electric element arrays, a series of piezoeleciric
arrays may be employed which may be coupled by
a linear displacement transmission mechanism or
mechanisms.

It will be understood from the above descrip-
tion that the present invention provides a brake
device in which a plurality of piezoelectric element
arrays are incorporated parallel to each other in the
device, and coupled by a displacement transmis-
sion mechanism such that braking forces due to
the deformations of the piezoelectric element ar-
rays will be applied in series to a friction member.
Accordingly, the piezoelectric element arrays each
comprising many stacked piezoelectric devices can
be assembled in the device with a good space
factor. Sufficient braking forces can be applied to a
braked member only from the deformations of the
piezoelectric element arrays.

Further, the present invention provides a brake
device in which a plurality of piezoelectric arrays
are coupled by a displacement transmission
mechanism such that the deformations of the pi-
ezoelectric arrays will be added, and means is
provided for independently controlling voltages ap-
plied to the piezoelectric arrays. Therefore, highly
responsive, optimum pumping brake action can be
achieved under simple conirol.

Claims

1. A brake device including a piezoelectric ele-
ment array having a stack of a plurality of piezo-
electric elements (131;14;132) which act to press a
friction member (2) against a member (1) to be
braked, under the action of a deformation of said
piezoelectric element array caused by applying DC
voltage thereto, thereby producing a braking force,

characterised in that:

said brake device comprises a plurality of
piezoelectric element arrays (61,62) which are con-
nected together by a displacement transmitting
mechanism (12) so that the deformations of the
respective piezoelectric element arrays (61,62) are
added together to produce the braking force.

2. A brake device according to claim 1, com-
prising at least two piezoelectric element arrays
(61,62) arranged in parallel relationship with each
other, in which one end of one of said piezoelectric
element arrays (61) is fixed and one end of the
other piezoelectric element array (62) at the side
corresponding to the above mentioned one end of
the one piezoelectric element array is attached with
said friction member (2), and in which the other
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ends of the respective piezoelectric element arrays
are connected together by means of a displace-
ment transmitting mechanism (12).

3. A brake device according to claim 2 in which
means (20,21) is provided to adjust relative position
of the respective piezoelectric element arrays
which are arranged in parallei relationship.

4. A brake device according to claim 1, in
which the displacement transmitting mechanism
consists of a link fransmission mechanism (12).

5. A brake device according to claim 1, in
which the displacement transmiiting mechanism
consists of a hydraulic transmission mechanism.

6. A brake device according to cfaim 1, in
which the displacement transmitting mechanism
consists of a ball fransmission mechanism (12').

7. A brake device according to any-preceding
claim comprising:

means provided to make independent voltage
control of the respective piezoelectric element ar-
rays.

8. A brake device according to claim 7, includ-
ing means for detecting a skid state of an auto-
mobile and means for effecting pumping control of
the brake device when the skid state is detected,
by making on-off control of voitage applied to one
or more of the respective piezoelectric element
arrays.
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